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Section 6. SPARROW Model Calibration
Topics Considered

e The SPARROW model equation

» Specification of the model:
sources, land-to-water and aquatic transport

* Nonlinear estimation of parameters

» Physical interpretation of parameters

« Evaluating the model error

 Model selection criteria

« SPARROW calibration/prediction software (existing)
Fecal coliform example

* On-going enhancements to the code
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SPARROW Model Equation

Mass-Balance Equation

N
Load { S [3 exp (- aZ) exp(-0'T )}eXp(eg)
JEJ(-E} 7 —— ] - .
Stream f \ | \
Load Sources  Land-to-water  Aquatic

transport transport Error

Model structure is nonlinear:
« Additive sources (preserves mass balance)
e Multiplicative error (account for scale dependency of error)
* Exponential delivery terms




Model Equation

How does the model structure differ from that of a
conventional log-linear watershed regression model?

e Additive sources
 Mass balance
e Multiplicative error

Nonlinear Model: Y = (X,B;+X,B,) ¢
Log transform: In(Y) = In(X,B,+X,B,) + €

Log-Linear Model: Y = (X;B; X,B,) € e Multiplicative sources
LOg transform: In (Y) 1In( )+Blln( 1)+£ e NOo mass balance
e Multiplicative error
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SPARROW Model Sources

» Selection of sources determined by:
* Research literature
* Your expertise — knowledge of the watershed
« Data availability
* Diffuse Sources:
* Extensive (land-use)
* Intensive (mass based)
» Mixed model (extensive and intensive)
* Point sources:

 Contaminant mass (expect coefficient of 1.0 if response
variable in same units and model properly specified)

e Surrogates: sewered population; BOD; Flow
 Geographic dummy variables (e.g., unspecified sources)
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SPARROW Model Landscape Transport

Selection of landscape variables:

» Variables should relate closely to landscape processes (e.g., runoff
and drainage area integrate terrestrial and aquatic processing and
water transport—not recommended)

o \Water balance inputs and landscape-related loss components
(precipitation; evapotranspiration)
» Soll properties (e.g., organic content, permeability, moisture content)

o Water flow paths (e.g., TOPMODEL overland flow; DEM overland
routing)

« Management activities (e.qg., tile drainage, conservation tillage
practices; BMPs—stream riparian properties)

e Land use (e.g., wetlands—is it a source or sink?; measures of
Impervious surface or urbanization may confound source
estimation)




SPARROW Model Landscape Transport

| andscape decay functions:

« Exponential function with imbedded negative sign:
constrains values between zero and one:

--All coefficients reported with positive sign
--Negatively related variables:
S A= X)) (e.g., soil permeability)

--Positively-related variables enter as reciprocal:
Ei =i LX) (e.g., drainage density)

e Exponential function with log transformed variables —
unconstrained:

e(Bllog(Xl) + leog(xz))

--Coefficients reported with actual sign




SPARROW Model Landscape Transport

Landscape-source variable interactions:

 Values of diffuse-source coefficients not independent of
delivery variables (interaction not separable in model)
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» Standardize delivery variables (deviations from mean) to
create more interpretable source coefficients expressed in
relation to mean delivery—yields reflecting delivery to
streams best metric to reflect geographic variations

« Commonly assume that diffuse sources subject to same
landscape and aquatic decay (however, code can
accommodate separate source-delivery interactions)




N

E S ﬁexp( aZ) exp( 0T )}exp(e)

=1
Land- to water \ \

Aquatic  Error
Transport
(streams and reservoirs)

Load,; = { E
JEJ)

transport




Zero-Order Reaction

First-Order Reaction




SPARROW Stream Nutrient Transport

Flux = Flux, e

Loss rate (per unit water travel time) integrates multiple processes:
k=ky+ k,+ kg

where,

kp = denitrification rate (N only) ~ f[benthic areal rate(+), depth(-),
concentration(+/-), temperature(+), organic matter(+), flow(-)]

ky = biological uptake rate ~ flalgal density (+), light(+), depth(-),
concentration(+), temperature(+)]

ks = settling loss rate ~ f[particle settling velocity (+), depth(-),
particulate bound fraction (+)]  (particulate burial?)

t = water time of travel

Related Questions: time scale of steady state processes
(multiple species model) and spatial scaling factors
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SPARROW Stream Nutrient Transport

Per unit time (day!) rate:  Flux = Flux, e

Per unit channel length (km?) rate: ~ Flux = Flux, e* -

Approaches to obtaining day rate:

« Post-conversion: km-! to day! rate using available estimates of
mean stream velocity (k = k' * V) for comparison with literature values

* Pre-conversion: Stream morphological / hydrology studies (e.g.,
Leopold and Maddock, 1953; Jobson, 1996; Jowett, 1998) can be
used to estimate time-of-travel for individual reaches based on
streamflow

Obtaining estimates of channel depth:
e.g., Leopold and Maddock, 1953; Depth = 0.2612 Q 9-396




Nutrient Transport in Reservoirs/Lakes

Empirical mass-balance models:
* Vollenweider, 1969
Phosphorus: Reckhow and Chapra, 1983
Nitrogen: Kelly et al. 1987; Molot & Dillon, 1993
e Steady state, well-mixed conditions
* Retention ~ f(depth, residence time, volume, areal water

load, and apparent settling velocity—mass transfer
coefficient)




Lake Retention of Nutrients
Depth-Independent vs. Depth-Dependent Approaches

‘ Flux

Sediment-Water Interface

Constant Settling Velocity:  Settling=v A, c

v = apparent settling velocity (units: L T-)
A, = lake surface area
C = concentration

First-order reaction (depth-dependent settling velocity):
Reaction =k, V¢

K< = v / depth; first-order settling rate (units=T-)
V = volume (units=L3=depth*surface area)

Which is better?

* Equivalent mathematically
 Former more specific to process of flux across sediment-water interface
e Little empirical evidence in lake literature of detectable differences
» Avallability of data may determine (volume vs. surface area)
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| ake Retention of Nutrients
Current SPARROW Equation

From Mass-Balance Expression
(Depth Independent)
(e.g.,Reckhow and Chapra, 1983)

R=V/(V+dq,)

R = retention coefficient
v = apparent settling velocity (L T-1)

g, = areal water load (outflow/surface area; L T1)




L ake Retention of Nutrients
Previous SPARROW Equation

Empirical Approximation to
Mass-Balance Expression

(Alexander et al. Wat. Resour. Res., in press)

R =1 - exp(-v/q,)

R = retention coefficient
v = apparent settling velocity (L T-1)

g. = areal water load (L T-2)



L ake Retention of Nutrients
Original SPARROW Equation

(Smith et al. Wat. Resour. Res., 1997)

R =1 — exp(-kT)

R = retention coefficient

k = 1st-order decay rate

T = channel water travel time In
reservoir reach
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SPARROW Model Equation
Nonlinear Estimation of Parameters

N
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Model structure is nonlinear:
« Additive sources (preserves mass balance)
e Multiplicative error (account for scale dependency of error)
e Delivery terms




Nonlinear Parameter Estimation

Nonlinear Reqgression can be viewed as an extension of linear
regression analysis.

Uses Gauss-Newton optimization method (Levenberg-Marquardt
conditioning parameters)—an iterative form of standard linear
regression

e User selects starting values for the parameters.

* Method iteratively applies linear approximations of the
nonlinear model in the vicinity of the initial and subsequent
parameter values until the model converges.

 Model converges when changes in the parameter estimates are
less than a preset threshold. The parameters minimize the objective
function.

* Objective function is a measure of the fit between predicted and
observed values (e.g., sum-of-squared residuals)
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Nonlinear Parameter Estimation

How do you pick starting values?

e iterature values

» Other SPARROW models or local models
 Guestimate remaining values if lack information

Model convergence:

* [f model well conditioned, only exceedingly large differences
between starting and final values will be problematic

» Should test the convergence of final model for stability (selection of
global rather than local minima) by changing starting values by a
large amount

« SPARROW convergence problems often related to data errors;
problems can occur when attempt to estimate too many parameters
for certain functions (e.g., reservoir decay)
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Nonlinear Parameter Estimation

Check if converged model reasonable:
* Do the parameter estimates have the correct sign?
* Are the parameters and standard errors statistically significant?
 t-statistics: t=D,/se(b)
« tests of parameter significance:
e t values approximate (only asymptotically valid)
« strict adherence to a level not recommended
e Insignificant parameters: “lack of effect” vs. “lack of power”
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Nonlinear Parameter Estimation

Check if converged model reasonable:
* Do the parameter estimates have the correct sign?
* Are the parameters and standard errors statistically significant?
 t-statistics: t=D,/se(b)
« tests of parameter significance:
e t values approximate (only asymptotically valid)
« strict adherence to a level not recommended
e Insignificant parameters: “lack of effect” vs. “lack of power”

Literature comparisons: catchment yields by land use, per
capita waste loads, point-source coef., in-stream decay,
reservoir settling rates
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NATIONAL & REGIONAL SPARROW
POINT-SOURCE COEFFICIENTS
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Nonlinear Parameter Estimation

Check if converged model reasonable:
* Do the parameter estimates have the correct sign?
* Are the parameters and standard errors statistically significant?
 t-statistics: t=D,/se(b)
« tests of parameter significance:
e t values approximate (only asymptotically valid)
« strict adherence to a level not recommended
* Insignificant parameters: “lack of effect” vs. “lack of power
* Do the parameters have physical significance?

Literature comparisons: catchment yields by land use, per
capita waste loads, point-source coef., in-stream decay,
reservoir settling rates




Parameter Correlation: Multicollinearity

What's the problem?
» Coefficient signs unreasonable

 Two variables describing the same process have different signs
and insignificant coefficients

Metrics to detect it:
e Parameter correlation matrix — very high correlations (>0.95)

« Variance Inflation Factors (VIFs) — measure of correlation among
all explanatory variables (>10 a problem)

How do you fix it?

» Center data — fix for polynomial variables
o Simplify model

» Remove parameter

« Combine data (equating two parameters)




Nonlinear Parameter Estimation

Model convergence can also be assisted hy:

e Log transformations of data and parameters

May be needed to satisfy residual assumptions (linearity,
constant variance, normally distributed)

e Scaling of data — better conditioning of the derivative matrix if
reduce large differences in coefficient values:

Y = b0 exp(-bl X)
If expect b0=100 and b1=0.001, force coefficients to be approx 1.0:
Y =100 b0 exp(-b1 X/1000)
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Spatial distribution of model residuals
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SPARROW Model Calibration
Model Selection

Significance of model parameters — nested models
e Individual parameters — t statistics (and associated p values)
e Multiple parameters — F test
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SPARROW Model Calibration
Model Selection

Overall model fit

o Lowest MSE (Mean Square Error)—declines with increasing #
parameters: MSE = SSE / (n-p)

* Highest R-squared—increases with increasing # parameters
R2=1-(SSE/SS,)

where, SS, = total sum of squares of the regression equation
SSE = sum of square error

e Highest Adjusted R-squared (adjusted for # parameters;
relatively insensitive when n>>p):

R2=1- [ (n-1) SSE]/ [(n-p) SS,]




SPARROW Model Calibration
Model Selection

Overall model fit
* Lowest Mallow’s Cp (Cp adjusted for # parameters)
e Lowest PRESS statistic
e Your professional judgement

where Sp = MSE of the p parameter model

s2 = best estimate of the “true” error (lowest
MSE of all models)




SPARROW Model Calibration
Summary

Evaluation of model structure and fit

1. Check parameter estimates for statistical and physical
significance, correct sign, correlation, and stability

2. Check residual plots for outliers, systematic patterns,
homoscedasticity, normality, and inspect mapped residuals

3. Check overall model fit (adjusted R-squared, MSE,
Mallow’s Cp)




Evolution of SPARROW Calibration Software

SPARROW 1.0

SAS calibration / prediction software

 New revisions completed and on-going to national code

 Document and support single source of software
maintained by the national SPARROW group

SPARROW 2.0

GIS methods and software —variety of
approaches—uwill likely continue

g
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SPARROW
SAS Calibration / Prediction Code

 Preprocessing steps:
— SPARROW explanatory variables identified by reach using GIS

— Network navigation parameters (hydrologic order of reaches,
from- and to-nodes, diversion fraction)

« Assembly of SAS data set (DATAL)
— Compiles reach-level data from GIS processing in single dataset

e SAS model procedure for calibration and prediction
— Initial parameter setup (modify variable lists)

— Data block
e Final calculations
« Data screening (e.g., stations)
— IML procedures (landscape and aquatic decay equations)

— Output parameters and predictions

= USGS
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Fecal Coliform Bacteria
Example Model Building Exercise

Possible sources

Human and animal sources—wastewater, urban runoff, and septic
systems, livestock populations (confined feeding operations,
unconfined), background for other animals (geese, birds, etc.)

Loss rate for total coliform bacteria:
K = kg + kg + K<

where,
kg = base mortality rate (fresh waters) = 0.8 * 1.07 ™2

ke = solar radiation effect ~ f[light energy (+), depth(-), particulate
matter (-)]

ks = settling loss rate ~ f[particle settling velocity (+), depth(-),
fraction of attached bacteria(+)]




SPARROW Fecal Coliform Models

Intensive-source model:

Livestock wastes (confined and unconfined),
Sewered population, Urban land, Other lands

L and-use (extensive-source) model:

Agricultural lands, Sewered population, Urban land,
Other lands




SPARROW SAS Calibration / Prediction Code

1. Define response (dependent) and source variables

= Specify all the variable lists. =/

* Dependent variahle */
Ylet depvar = load ;

F Source variables ¥/
%let srovar = SEVWERFPOP RESLAND COMF UNCORF LIRBAM:

& Source variabhle coefficients */
%let bsrovar = BPOINT BRESLAMD BCOMNF BUNCONF BLRBAM;

SEWERPOP = sewered population

CONF = confined feeding wastes (kg N)

UNCONF = unconfined feeding wastes (kg N)

URBAN = urban land area (km2)

RESLAND = other land (forest, barren, wetlands, shrub)
area (km2)

= USGS
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SPARROW SAS Calibration / Prediction Code

2. Define landscape delivery variables (constrained

exponential function)

™ Delivery variabhles =/
%let dhwar = aperm aidrainden

* Delivery variahle coefficients ™/
%let bdhwar = bperm bdrainden

APERM = Solil permeability
(mean adjusted)

AIDRAINDEN = Drainage density
(reciprocal mean adjusted)

Adjusted delivery variables (user prompt in future version)

™~ adjust land-to-water delivery factors hy mean ™
FROC MEAMNS DATA=Indata ,

AR perm idrainden

COUTPUT OUT=rmean_ltw MEAN= xperm xdrainden ;
RUN;

data indata; if _n_=1 then set mean_ltw; set indata;
aperm = perm - xperm,
aidrainden = idrainden - xdrainden;

run;

PERM = Soll permeability
IDRAINDEN = Drainage density
(reciprocal)

= USGS
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SPARROW SAS Calibration / Prediction Code

3. Define aquatic decay variables

# Reservoir variable coefficients */
%let bresvar = bresload ;

7 Decay variables *f | RCHTOT1 = Reach TOT (days; flow <100cfs)
%let decvar = rchtot? rochtot? rochiot3

RCHTOTZ2 = Reach TOT (days; flow 100 to 500 cfs)
=D iahl ffici = - .
%Ief[h:ggcj::f hrﬁht’[:gﬁl I!l?éﬁ?ﬂt; brchtot3 RCHTOT3 B ReaCh TOT (days, ﬂOW >500CfS)
‘;l':ff:;:a"rt‘{;’;f‘;;? i IRESLOAD = Areal hydraulic load (reciprocal; yr/m)

for reservoir outlets

Create flow Iinterval variables in data section

RCHTOTT = {rmeang <= 1007 * (rchtype = 01 * RCHTOT ;
RCHTOTZ = (100 < meang <= 500) * (rchtype = 0) * RCHTOT ;
RCHTOTS = (meang = 5001 * (rehtype = 0) * RCHTOT ;

if RHLOAD = . and rchtype = 2 then iresload = RHLOAD ;
else iresload =0

= USGS
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MEANQ = mean streamflow (cfs)

RCHTYPE = reach type code
O=river reach
1=reservoir reach
2=reservoir outlet



SPARROW SAS Calibration / Prediction Code

4. Define delivery variable design matrix

DLVDSGN Code
0 = delivery not apply to this source
1 = delivery applies to this source

= Specify the delivery design matrix: each row is a different DISD|aved Sequence fOI‘ DLVDSGN
source (in the same order as they are listed in the srcvar . .
statement); each column is a diﬁelrent delivery variahle (in O O i Sewered p0pU|at|0n for
B slement is ither 20 or 1. Element £ is a1 fsource permeability and drainage density

uses delivery variable c. Otherwise, element r,c is 0.
A space separates columns and a comma separates rows. */

pelet diwdegn =001 111111 1 1 = residual land area for
permeablility and drainage density
..etc.

= USGS
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talet if estimate = yes ;

tlet if_predict = yes ; * Specify if predictions are to he made. ;

‘alet if_adjust = no ; ™ Specify if the load predictions (decayed) are to be adjusted for actual loads at monitoring
stations ;

%let home = dvmodel _datavmodels |

™ Specify the name of the SAS input data set ™/
“alet indata = DATAZ ;

* Specify the variable used for ordering the
reaches in downstream order =/
Yolet seqvar = HYDSEQ

™ Specify the parameter list:
Parameter_name Initial_value Lower_bound:Upper_bound */
“olet betailst = bpoint B39
bresland 5 859 00, bunconf7058.0 O:
.. bdrainden 0.05563 0.
.. brchtot2 046 O:. brohtots 015 00

< USGS

science for a changing world



SPARROW SAS Calibration / Prediction Code

/. Define reach and station IDs and network navigation
parameters (set once—no need to change)

WATERID = watershed / reach ID

f* fesign a list of column reference wectors %) STATPK - StatIOn ID
slet makecol FNODE = reach upstream node
jwaterid = %Scol[datalst,waterid] %Sstr[;] -
;sta‘cpk = Scol[datalst,statpk] %str[;] TNODE = reaChdownStreamnOde
Jfnode = %colfdatalst,fnods) %str(;) FRAC = reach diversion fraction
jthode = %col[datalst.tnode] %str[:)
jfrac = %colldatalst,frac) %str(;] AIFTRAN = transport flag (1=transport reach)
jaiftran = %col[datalst.aiftran] Sstr(;]

/% Make list of wariables to be read from the 585 indata data set and loaded
into a matrix. Detect and remove duplicates. */

%let addlist = &depwar &srcwar Zdlvwar &decwar &reswvar &othvar
%let datalst = waterid statpk tnode frnode frac aiftran

&USGS



ction Code




SPARROW SAS Calibration / Prediction Code

/. Define reach and station IDs and network navigation
parameters (set once—no need to change or
transparent if use same names)

. _ ) WATERID = watershed / reach ID

M bssighn a list of column reference wectors ™) STATPK - station |D

551?:1.'&;":};?;02 ;cul[da‘tals‘t,wa‘terid] Bstr(;] FNODE = reach upstream node
S TNODE = reach downstream node
e i e IR eT= On TTaction
jaiftran = %col(datalst,aiftran] %str(;] AIFTRAN = transport flag (1=transport reach)

/% Make list of wariables to be read from the 585 indata data set and loaded
into a matrix. Detect and remove duplicates. */

%let addlist = &depwar &srcwar Zdlvwar &decwar &reswvar &othvar
%let datalst = waterid statpk tnode frnode frac aiftran

= USGS

cience for a changing world
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Resduals vs. Predicted Harmal Probability Plat
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< USGS
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N Obs DF Model
205 11
Parameter
Sources
Sewered Population EPOINT
Be=idual Lamnd EBRESLAND
Confined wastes ECONF
Tncoconfined wastes BUNCONF
Trban land EBEUREAN
Land=zcape lo=ss
20il permeability EPERM
Drainage density BLEPATINDEN

Rguatic lo=sz
Stream decay (<1l00cf=)

Stream decay (lO00-5E00cf=)
Stream decay (=500cf=)
Beservoir decay

ERECHTOT1
BERECHTOTZ
ERCHTOT =2
ERESLOAD

DF Error

Estimate

2915 403
z045 9055
22497338
177 .075E55
444100, 3

0334435
o_oLa3ak

0_&485635
04342357
o_lz7olas
78.995344

SBE

3td Err

953 _ 4053
4741 886
1lle.48385
T3.883088
Z0e3444 4

o}

0841055
0393925

o}

0_Zzl0388
0.134e064
0O_0Eeg133
22 TE71Ex

Non-linear Least Sgquares Besults

M2E

t Talue

2.0149321
04314533
Z_7897854
Z._35&7003
1. s&k0se7a

3.97glekl
1_3ELz02s

Z._9341821
2877511z
Z_2387144
24788134

Boot MSE

Pr = ||
SO0ETS4 6
.BEEd 54k
.ookelas
.0171e73
0980545

Lo N o e o

O_oooozsz
0.17e3313

0_002e077
o_oovszd
0.0ZelZl
o_ooobzel

B-Square
294 E459 123303 186758339 1_ 3667443 0.8071341

idj B-Sq
0.500574

Cogefficient Units

£,915/7100 =
20 Bool/kwmz vy
3.E5 Beoolikg Mivr
1.77 Beoolikg Mivr
Zd 441 Beol/kwE/fvr

1344 Beool/fha/vyr)

hyicm
per km

per day
per day
per day
mw,/ day

89.Z Beool/person/vr
(0.z20 Beool hafyr)

linverse relation)
(positive relation)

rm intestinal bacteria = 730 Bcol/person/yr

ZUSGS
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N Obs DF Model
205 10
Parameter
Sources
SGewered Population EPOINT
Cultivated Land BAGRIC
Besidual Land ERESLAMD
Urban land ETTREAN
Landscape loss
2o0il permeahility EPERM
Drainage density EDEBATNIEN
hguatic loss
Btream decay(<l00cf=s) ERCHTOT1
Stream decay(l00-500cf=s) BECHTOTZ
Stream decay(»L500cf=) EBRCHTOTZ
Beservoir decay BERESLOAT

IF Error

Estimate

D245 4035
03723 17
eE70_043
4751364, 3

0.z3586l121
0.1459664

0. e405345
05339551
0.1EZ6373
P0.6z4309

ZSE

5td Err

306180593
185385 &3
37415227
4578714

]

.o7a8437
.o7eet0s

]

o_zZZl3E6k
0153963834
0_0e0l3&68
£1_6033E3

Hon-linear Least Squares BResults

HM3E

t Values

2.05z22E07
2.z25748%5
2381574
. TZ29E93E

-

]

.9ggdzle
.aLLaves

[

)

SB83004]1
6742096
£.093331
3.£6841E3

[}

RBoot M2E

Pr = ||
00024731
0O_00lzELE
008734068
o.084731

000204
0. 0ed44631

000402286
O_oora0s:z
00366373
0_001lz094

P-Soquare

Coefficient Thits

9,345/5100
&, 038 Beool//knffvr
527 BoolEws fvry

47,514 Beool/kwz /vy

hycm
rer Em

rer day
rer day
rer day
w/ day

Adj B-Sq
295 573.11607 1.9427663 1.3938315 0.7987313 0.7925309

= 33,5 Beool/person/vr

(&0.4 Beocol/hasdyr)
(0.689 Bool/hasvyr)
(425_.1 Beool/hasyr)

linverse relation)
(positive relation)

rm intestinal bacteria = 730 Bcol/person/yr
= NLCD pasture + row crops + fallow land + orchards

ZUSGS
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Land-Use Model Intensive-Use Model

Sources Bcol yr -1 Sources: Bcol yr -1
Sewered population 93.5 person'  Sewered pop. 89.2 person !
Urban land 425.1 hal Urban land 344.0 hat
Other land 0.69 hat Other land 0.20 hat
Cultivated land 60.4 ha Confined waste 3.25 kgN-1

Unconfined waste  1.77 kgN-!

| and-to-Water Transport: L and-to-Water Transport:

Soil permeability (- coef.) Soil permeability (- coef.)

Drainage density  (+ coef.) Drainage density  (+ coef.)
In-stream loss (day1) In-stream loss (day-1)

0.13, 0.53, 0.64 0.13, 0.49, 0.65

Reservoir loss (m yr1) 70.6 Reservoir loss (m yrl) 79.0
R-squared 0.79 R-squared 0.80

Reach-accuracy +/- 139% Reach-accuracy +/- 137%




& predict_load_lu3c5_updatel.sas7hdat

WaTERID

FLOAD TOTaL

FLO&D SEWERFOF

FLOAD RESLAND

FLOAD GOWF

FLOAD_UINGONE

FLOAD URBAN

121484650.0

GG6219466.197

12125206.353

8165037 . 222

3443474 .0635

34523465, 718

120529611 .6

EY246411 ., 492

123252658.739

48390852 .6595

3240738.325

33123340.395

104455085, 4

581100581 .825

11945150, 255

4126711, 44356

2697056, 245

27876075, 745

345856662 .65

11209250.91

12100062, 211

956631, 90257

410579, 03385

101611358, 6449

| =]l =

33461.08717

g5145.951905

14306.559313

4470.3141532

31775128385

2180.22584615

ZUSGS
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SPARROW SAS Predictions

2. Flux delivered to end of reach w/o aquatic decav\

PLOAD ND TOTAL
PLOAD ND "SOURCES’

Units=mass per time

Total mass removed In streams & reservoirs =

PLOAD ND TOTAL - PLOAD TOTAL
% mass removed in stream = (PLOAD _ND TOTAL
— PLOAD_TOTAL) / PLOAD ND_TOTAL *100

g predict_load_lu3c5_updatelD.sas7hdat

PLOSD_NO_TOTAL|PLO&D ND_SEWERFOF

FLOAD MO _RESLAND

PLOAD_NO_CONF

PLOSD_NO_UNCONF

PLOSD_NO_URE&N

96302734, 235

—

212303549.52

2| 207354644 .649 9547325359 .756
3| 1902F1689.97 G55895550.953
4] 53201181 .11 14693176.151
5] 335536324035 g§919.4050041

&USGS

28477245, 55
28342708.095
2raorvz2zz.rv22
21403030.922
14950, 256942

13469327.827
12922726.18
12125508.75

2054432.0414

45235, 2616876

gd12933.0104
g424455, 3555
F859957 . 0465
FO0102 . 92756
3214, 78553586

Go246244.,132
B2191465.3035
8E64521159.817
14544445.0749
2215,9222342




< USGS
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ntal reach catchment

B predict_load_lu3c5_update10.sas7bdat

ING TOTaL] INC_SEWERFOF | INCG _RESLAND | IWC_COWF | ING _UWCOMF | ING_URBAN

117402.79| 83516, 418025 | 1727, 7574909 | 9957 . 6667 | 7098, 469355 (45072, 475
2690867 . 4| 8475345, 28559 | 3415, 5596544 | 15252.879| 12994 . 07299 (15805855 .6
1915105.9| 196226 . 36609 | 446, 975952057 0 0171534351
B927415. 4| 26755820.9012( 155071 . 72354 1582251 .45 | 129530, 3984 [3751740.9
33663 .652| §919.4030041 | 149380, 266942 | 4525, 2616 | 3214, 7585355 (2215, 9222

M| B 2o po | =

< USGS

science for a changing world



SPARROW SAS Software

Execution run times for new SPARROW code:

New Zealand Walikato (5,000 reaches) ~ 0.30 minutes

National (65,000 reaches) ~ 10 minutes




Evolution of SPARROW Calibration Software

SPARROW 1.0

SAS calibration / prediction software

 New revisions completed and on-going to national code

 Document and support single source of software
maintained by the national SPARROW group

SPARROW 2.0

GIS methods and software —variety of
approaches—uwill likely continue

g

science for a changing world



SPARROW SAS Software Enhancements

Remain to be tested (** = needs to be implemented)
1. Delivered flux (incremental, total, sources)
2. Parameter and prediction bootstrapping
3. Prediction confidence intervals
4. Model diagnostics:
a. Leverage statistic
b. Standardized residuals

(VIFs)

(DS

(Cooks D)
f
5. Weighted observations
--"measurement error” --load estimation error




